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• Earth Observations relevant for 

Energy Management

 General classes of parameters

 Data access tools

• Model Based Data Products 

relevant for Energy Management

 Assimilation data products: MERRA

 Model based products: short-term to 

climate scale; downscaled products

• Specific Examples: 

 NASA-funded energy application projects

2

Topics
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NASA Earth Science 
Missions
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Current NASA Missions Providing 
Data Related to Energy Sector Needs
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Current NASA Missions, Cont’d
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Accessing NASA Data

• NASA Mission Web Sites

 Each mission is responsible for developing, validating and 

releasing data products for public usage

 Example: CERES

• NASA EOSDIS Distributed Active Archive Centers 

(DAACs) for processing, archiving, documenting, 

distributing data and data visualizations

 https://earthdata.nasa.gov/about/daacs

• Giovanni – select parameters, date ranges, 

geographical area to visualize EO data

 http://giovanni.gsfc.nasa.gov/giovanni/
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Mission Specific Web Site:
CERES Data Product Access
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NASA Distributed Data Archive Centers 
(DAAC): Example LaRC DAAC
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DAACS United Through EOSDIS EarthData
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NASA Model Based Data Products

• Atmospheric Data Assimilation (GMAO)

 Near-real time products: 

− FP (1/4 x 5/16) and FPIT (1/2 x 5/8) => hourly surface data; 6 hour 

latency (2nd day through Goddard DAAC)

 Historical Analysis: 

− MERRA and now MERRA2 => 1979 to present global (1/2 x 5/8) 

containing estimates for nearly all energy related parameters

− MERRA replay=> high resolution (12 km) limited domain long-term 

reanalysis (under production) 

− High Resolution Land-Surface Assimilation data:

- North American Land Data Assimilation System (NLDAS-2): US only; 1/8 

degree, hourly and monthly)

- Global Land Data Assimilation System (GLDAS): Most globe; ¼ degree, 3-

hourly and monthly) 
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NASA Assimilation Data Products: 
Example MERRA Overview

- Assimilation is a process of optimizing 

an global to regional scale atmospheric 

model with observational input.

- MERRA assimilates satellite radiances 

and in situ measurements from a large 

set of sources.

- MERRA was generated with version 

5.2.0 of the Goddard Earth Observing 

System (GEOS) atmospheric model and 

a 3-D data variational assimilation 

system.

- MERRA provides a complete suite of 

meteorological parameters at a 1/2o

latitude 2/3o longitude with 72 vertical 

levels, from the surface to 0.01 hPa, 

spaning from 1979 to near-present

(Rienecker at al 2008, 2011 describe 

MERRA in detail)
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NASA Model Based Data Products
• Weather and Seasonal Forecasts (GMAO)

 GMAO ensemble forecasts (FP): daily 10-d forecast; Operational 

submitted to NWS ensemble

 GMAO Seasonal forecasts submitted to National Multi-Model 

Ensemble (NMME)

− SERVIR: http://climateserv.nsstc.NASA.gov (under development)

 High resolution regional: SPoRT (Case Study only)

• Climate Modeling

 GISS climate modeling; family of models 

 Simulations for Climate Model Intercomparison project (CMIP)

 Data products obtainable through PCMDI servers

• Alternative NASA Climate Model Outputs Methods

 NEX: Multiple data sets from satellite to CMIP5 climate model
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SERVIR Climate Server: NMME-based Seasonal Forecasts of 
Rainfall and Temperature

What we did: Bias-corrected and spatially disaggregated (BCSD) seasonal projections 

based on North American Multi-model Ensemble (NMME) experimental forecasts. The 

SERVIR Science Coordination Office makes spatially downscaled 180-day projections 

available to SERVIR users on an easy-to-use web-system:  100+ ensemble members (9 

NMME models) are bias corrected over the 180-day periods. Statistical disaggregation 

using a historical analogue approach (Wood et al; 2002) provides daily-resolution 

stochastic realizations consistent with NMME monthly forecasts. 

Output: 

• Climate projections

• 180 days in extent

• updated monthly

• Resolution: 0.5°global grid, daily

• Variables: Rainfall, Temperature

Significance: SERVIR end users in 

Himalaya and Eastern Africa have 

started to use the ensembles to 

generate hydrologic and seasonal 

crop assessments.

The problem: SERVIR end users need an efficient way to access seasonal climate 

projections and daily scenarios for decision making in water resources and agricultural 

crop estimation.
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NEX: A Collaborative NASA Resource
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Energy Related Applied Science 
Projects
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• Objectives: Improve the 

Nation’s public/private 

capability for integrating 

environmental data from NASA 

research to support increased 

renewable energy 

development, energy efficiency 

and agricultural modeling.

• Goals: Through partnerships, 

derive/validate/provide 

parameters relevant to industry 

needs, link to decision 

support, and transition 

capabilities when possible.

• Website: 

http://power.larc.nasa.gov
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POWER/SSE Project

Adaptation and 

validation of 

parameters

Solar and 

meteorological 

parameters in 

specialized units

NASA Earth-Sun Satellite Analysis 

and Modeling Projects:
(ISCCP, GEWEX SRB, CERES FLASHFlux, 

GMAO GEOS)

Surface Solar Irradiance (W m-2)

Satellite 

observations, 

analysis and 

modeling

(~15,000 unique users, ~ 1,200,000 hits 

and 230,000 data downloads per month)

POWER/SSE 

Datasets and Web 

interface

200+ Parameters 

(most on-the-fly)

Data Accessibility 

through 

Web Interface

POWER Approach: Research to Decisions

NASA Energy Management Stakeholder Workshop

RETScreen® International

~ 450,000 Global Users

Decision Support 

System design and 

planning tool
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SSE Renewable Energy Data Products from NASA

• 22 Years

• Over 200 parameters, 
many on the fly, tailored 
for renewable energy

• Data quality information

• ASCII tables, time series, 
regional plots/data

• Direct connection to 2 
renewable energy DSS 
tools

• 20 Millionth data request 
fulfilled in July for release 
6.0

• Website: 
http://eosweb.larc.na
sa.gov/sse
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SSE v6
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SSE for Decision Support: 
RETScreen Clean Energy Analysis

NASA data

In Situ data

RETScreen Climate Database

Points represent world’s cities (~10,000).  Red have in situ 

observations. Blue defer to NASA LaRC data sets (~5,000).  Data for 

locations between points are found through a direct link to SSE.

www.retscreen.net

• Under Natural 

Resources Canada 

• Aimed for both 

feasibility and 

detailed scenario 

analysis of clean 

energy projects

• Data for built-in 

cities of world or 

direct query of SSE 

data through web

• ~450,000+ users

• Release 4: 36 

languages
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Net Savings 160 MWh (2/10 – 3/13 

)

Solar Panels 

Added

CERES

FLASHFLux

(using 

GMAO

FP-IT)

NRT Time 

Series POWER 

web

portal

POWER Supports Near-Real Time: 

NASA LaRC Building Energy Analysis

RETScreen

Energy 

Analysis

NASA data

and/or surface

measurements

4 building 

energy

assessments 

working with 

center energy

management 

officials and 

RETScreen

Steady state RETScreen regression 

models now complete (NASA TMs 

available). 

Supported by NASA’s Climate 

Adaptation Science Investigator Project 

(CASI)21 4/27/16
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POWER and ASHRAE Collaboration: 
Assessing Building Climate Zone Changes
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Daily	Averaged	
Global:	T,	Tmin,	
Tmax,	Prec	

MERRA	hourly	
(½o	x	½o)	Surface	
Meteorological	

Data	

Monthly	Averaged	and	
Summed	Quan es:	

HDD18/CDD10	

Annual	
Averaged	and	
Summed	
Quan es	

Determine	
“Climate	Type”:	
Dry,	moist,	
humid	

Determine	
“Climate	Zone”	

Class:		
1	-	8	

• Collaborated with ASHRAE to 

provide/assess Building Climate Zones 

from NASA reanalysis (GEOS-4 and 

MERRA)

• Provided to ASHRAE and it was 

included ASHRAE Handbook of 

Fundamentals
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Using ArcGIS To Enhance Applied 
Science Usage of Data Products

4/26/2016CERES Science Team Meeting



SSE-GIS Beta v1.0.3
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• Nearing public 

release of SSE-GIS

• Provides users an 

opportunity 

interact with time 

series data sets of 

energy related data 

sets using web 

based GIS services 

from ESRI

• Services are 

hosted from ASDC 

servers

• Users can display 

maps, work with 

multiple layers, 

obtain data tables 

and geotiff files of 

the parameters



Summary and Conclusions
• NASA has considerable investments in satellite 

measurements and analysis of those products for various 

earth science data products

• NASA also has an extensive modeling and assimilation 

capability comprising both long-term analysis, short-term 

and climate forecasts

• Many of those data products could be useful for an 

Energy context

 However, data products are archived at team web sites and/or 

DAACs making retrieval complicated

 Science based tools have been developed for simplified data 

access such as GIOVANNI, ClimateServ and NEX
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Conclusions
• Applied Sciences has supported projects like POWER 

throughout the years aiming to bring some of these data 

quantities to the Energy Management sector needs

 POWER/SSE web capabilities are being further developed using 

GIS to continue to enable data access

• What are the evolving needs of energy sector? What 

types and sorts of data are needed?  Is there a role NASA 

can play?
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Extras



Projects Facilitated by 
RETScreen
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Next Steps: Adding GIS for Web Site 
Modernization and Mobile Devices

• End-users of NASA data products 
increasingly requesting geospatial 
tool compatibility

• LaRC ASDC is working to stand up 
“Web services” used to make the 
application platform and technology 
independent by following standards 
(i.e. DAP, WCS, WMS, etc.), 
promoting interoperability

• One of those is an ArcGIS Image 
Service => NASA’s license with Esri
allows the agency to acquire access 
to Esri ArcGIS software at no 
additional cost to programs

• POWER/SSE now leading project, 
collaborating with ASDC, to add 
GIS capabilities and web services 
for access to data products.
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POWER/SSE GIS Sample
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• Browser 

enabled GIS 

functionality

• Display 

parameters 

from global to 

small scale

• Add 

background 

maps

• Point for values

• Download data 

to support 

ASCII or 

GeoTIFF

applications

• Scales to 

mobile devices

• Release May ‘16
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